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PHYSIOLOGICAL STUDIES ON THE GENUS MICROSPORUM*
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INTRODUCTION
The present day classification of the dermatophytes, which combines a con-
sideration of the clinical and morphological aspects of these organisms, is not
entirely satisfactory. For recent summaries of the characteristics now used in
identification, the reader is referred to the works of Conant, Martin, et al. (1),
Lewis and Hopper (2), and Swartz (3).
Little emphasis has been placed upon the physiology of these organisms,
particularly as it might be applied to classification. This report concerns investi-
gation of some simple biological differences which might be utilized to differ-
entiate the 3 species of the genus, Microsporum. Table 1 indicates those data
which have appeared in the literature up to the present time concerning the
physiology of this genus.
DESCRIPTION OF ORGANISMS
At the beginning of this work, 3 strains of M. canis, 2 of M. audouini, and 1 of
M. gypseum were employed. During the course of experimentation, several other
strains of each species were incorporated into the work. The number of strains
used in any given experiment is indicated in the appropriate section.
Following is a list of the strains used and their sources. The synonomy is
according to Conant, Martin, et al. (1).
Microsporum canis (Microsporum lanosum, felineum, equinuns, caninuni, sil.
lianus, auranhiacum, pseudolanosum, simiea, obesum;
and ,Sabouraudites lanatus
Strain number Source
C-i Hair and skin of a kitten
0-2 Scalp of child
0-3 Dr. H. T. Anderson; Spokane, Wash.
0-4 Scalp of child
C-5 Scalp of child
C-6 Scalp of child
Micros porum audouini (Microsporum villosum, umbonatum, velveticum, tardum,
tomentosum, depauperatum; and Trichophyton decalvans
Sfrain number Source
A-i Dr. R. Benham; Columbia Univ.
A-2 Dr. H. T. Anderson; Spokane, Wash.
A-3 Dr. N. F. Conant; Duke Univ.
A-4 Dr. N. F. Conant; Duke Univ.
A-5 Dr. N. F. Conant; Duke Univ.
A-6 American Type Culture Collection 10007
A-7 American Type Culture Collection ' 10216
Micros porum gypseum (Micros porum fiavescens, fulvum, scorteum, zanthodes; and
Achorion gypseum
* From the Department of Microbiology, University of Washington School of Medicine,
Seattle 5, Washington.
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These organisms were maintained on Sabouraud's glucose agar, containing 1%
peptone and 4% crude glucose. They were transferred about once a month and
kept at room temperature.
TABLE 1
6.5 to 7.2 for M. audouini
6.0 to 7.0 for all dermatophytes
About 3 to 8 for all dermatophytes
As high as 10.5 for all dermatophytes
35°C. for M. canis
All species of Micros porum can util-
ize mannite, mannose, glucose,
and fructose. There is slight utili-
zation of raffinose, rhamnose, and
salicin. No growth on sucrose, lac-
tose, arabinose, xylose, or dulcitol
All species of Micro8porum produce
maltase and diastase. They do not
produce invertase, inulase, lac-
tase, or zymase. They cannot uti-
lize sodium acetate, formate, or
lactate for carbon
M. canis can grow on glucose, man-
nose, fructose, arabinose, and su-
crose
Ammonium salts or a mixture of sev-
eral amino acids may be utilized
by M. gypseum
All dermatophytes can use nitrates
and ammonium salts for nitrogen.
Trypsin, pepsin, and urease are
produced by all species
M. canis is more rapid than M. gyp.
zeum or M. audouini
Rice medium may be used to differ-
entiate animal and human species
of the genus Micro8porum
Yeast infusion added to honey agar
causes increase in macroconidia
formation by M. audouini
Vamos (from Dodge (4))
Tate (5, 6)
Tate (5, 6)
Leise and James (7)
Bodin (from Dodge (4))
Hopkins and Iwamoto (8, 9)
Greenbaum (12)
Conant (13, 14, 15)
Benedek (16)
Hazen (17)
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Sfroin number
G-1
G-2
G-3
G-4
G-5
G-6
Source
Dr. N. F. Conant; Duke Univ.
Dr. N. F. Conant; Duke Univ.
Dr. N. F. Conant; Duke Univ.
Dr. N. F. Conant; Duke Univ.
American Type Culture Collection t' 9083
American Type Culture Collection t' 10215
Summary of the important data previously published concerning the physiology of the genus
Micros porum
SUBJECT RESULT AUTHORITY
Optimum pH
pH range
Optimum temperature
Carbon sources
Nitrogen sources
Gelatin liquifaction
Miscellaneous
Tate (5, 6)
Goddard (10)
Williams and Honn (11)
Tate (5, 6)
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Strains 0-2 and G-1 had become pleomorphic, in the sense that they consisted
of sterile mycelium only. It was important, therefore, to determine whether or
not these morphological changes would be associated with differences in their
physiological characteristics.
All strains within a given species were very similar in macroscopic appearance
with the exception of G-5 and G-6. The latter were cottony in character, pro-
ducing abundant white, aerial mycelium and few macroconidia, whereas the
former were powdery and buff-tan in appearance, possessing only a small amount
of white, aerial growth and the numerous macroconidia typical of this species.
TABLE 2
Effect of temperature on colony size after two weeks
ORGANISM 25°C. 30°C. 32°C. 35°C. 37°C. 38°C. 40°C.
cm. cm. cm. cm. cm. cm.
c-i 6.0 6.0 6.5 3.5 2.5 2.5 —
C-2 5.5 5.5 6.0 3.5 3.0 2.5 —
C-3 4.5 5.0 6.0 3.5 3.0 3.0 —
C-5 5.5 6.0 6.0 4.5 3.0 4.0 —
C-6 6.0 6.0 6.0 4.0 2.5 2.5 —
A-i 4.0 4.0 4.5 4.0 1.0 fvg —
A-2 4.0 3.5 3.5 1.5 —
A-3 4.5 4.0 4.0 1.5 fvgt — —
A-4 4.0 3.0 3.0 1.5 fvg — —
A-5 3.5 3.5 3.5 0.5 fvg — —
G-i 4.5 3.5 3.5 2.0 0.5 — —
G-2 5.5 4.5 4.0 2.5 1.0 — —
G-3 6.5 7.0 5.5 4.0 1.5 — —
G-4 5.0 4.5 4.0 2.0 2.0 fvg —
G-5 7.5 8.0 6.5 4.0 2.0 fvg —
* — indicates no growth.
t fvg indicates faintly visible growth.
EXPERIMENTS
Temperature and pH
Using a standard ioop, saline suspensions of 5 strains of each species were
inoculated on the centers of Petri plates containing 1% glucose, 1% peptone agar
at pH 7.1. These plates were placed in incubators at the following temperatures:
25, 30, 32, 35, 37, 38, and 400 Centigrade. Temperatures were maintained within
0.5°C. except in the case of the 32 and 35°C. incubators which varied 1.000.
Since the colonies were nearly always circular in outline, it was possible to
measure them within the nearest 0.5 cm. Table 2 indicates the colonial diameter
after 2 weeks of incubation.
Growth of all 3 species was generally at a maximum throughout the range of
25 to 30°C. Thirty-five degrees, the figure stated by Bodin, as reported in Dodge
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(4), was above the optimum temperature in every instance. All organisms ex-
hibited a marked reduction in growth at 35 and 37°C. Thirty-eight degrees
inhibited M. audouini and M. gypseum almost completely, but M. canis pro-
duced measurable colonies at that temperature. No strain grew at 40°C., even
after a period of 4 weeks. However, when these plates were placed at room
temperature, all species grew, indicating that primary incubation at 40°C. was
not lethal, but merely inhibitory.
In order to determine the optimum pH and the pH range for growth, a series
of experiments was set up in a manner similar to that used by Peck and Rosenfeld
(18), who worked with other genera of the dermatophyte group. By observing
the amounts of growth in broth cultures buffered from pH 3 to 10, at intervals
of approximately 1 pH unit, it was determined that growth occurred best at
neutrality for all strains tested, and that a pH of from 4 to 10 was compatible
with growth. These data support previous statements made by Vamos (Dodge
(4) ), Tate (5, 6), Leise and James (7), and others.
Carbon sources
Using methods comparable to those of Hopkins and Iwamoto (8, 9), the fol-
lowing carbon containing compounds were tested in both liquid and solid media
to determine their ability to support growth.
Monosaccharides: d-glucose, d-levulose, d-mannose, d-galactose, xylose, and
arabinose
Disaccharides: sucrose, maltose, lactose, melibiose, cellobiose
Trisaccharide: raffinose
Sodium salts of organic acids: acetate, citrate, oxalate, succinate, tartrate,
lactate, malate, and pyruvate
Miscellaneous carbon containing compounds: inulin, salicin, glycerol, dextrin,
sorbitol, and mannitol
M. canis in every instance showed slight but definite utilization of sucrose,
arabinose, and xylose. These results differed from those of Hopkins and Iwamoto
(8, 9), but have been partially substantiated by the work of Goddard (10), who
obtained results similar to ours in respect to sucrose and arabinose utilization by
M. canis.
Levulose, mannose, galactose, maltose, melibiose, cellobiose, dextrin, sorbitol,
mannitol, glycerol, salicin, and sodium pyruvate were utilized to a variable extent
by all 3 species. On the other hand, carbonate, formate, lactose, raffinose, inulin,
as well as the sodium salts of citric, oxalic, succinic, lactic, tartaric, and malic
acids did not support growth.
Nitrogen sources
Williams and Honn (11) stated that M. gypseum could utilize ammonium salts,
and could also grow in a medium containing a mixture of arginine, l-proline,
1-leucine, 1-histidine hydrochloride, d-lysine dihydrochloride, and 1-tryptophane.
They did not give any data indicating which of the preceding substances by
themselves were capable of supporting growth. Tate (5, 6) found that nitrates as
well as ammonium salts were available nitrogen sources.
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The experiment below was performed using the following organisms:
M. canis: C-i M. audouini: A-i M. gypseum: G-1
C-2 A-2 G-2
C-4 A-3 G-3
C-6
A basic medium was prepared which was a modification of that described by
Mosher and his associates (19) in their work with a Trichophyton.
Basic Medium
K112P04 5 grams
K211P04 5 grams
MgSO4 0.25 gram
FeSO4•71120 1 mgm.
MnC12 1 mgm.
ZnSO4 1 mgm.
Distilled 1120 1 liter
pH 7.1
Ten per cent solutions of the following nitrogen-containing compounds were
sterilized separately and added to the medium so that the concentration would
equal 1%, with the exception of tryptophane and arginine, which were used in
concentrations of 0.5%. Those compounds which were only very slightly soluble
were added so that the resultant suspension had the desired concentration.
Ammonium salts: carbonate, formate, sulfate, oxalate
Amino acids: d-l alanine, d-glutamic acid, d-arginine, 1-cystine, 1-tyrosine
Miscellaneous nitrogenous compounds: pyridine, aniline, urea
Using the basic medium, 10% solutions or suspensions of the nitrogen sources,
and a sterile glucose solution, the following were prepared and inoculated:
1. Basic medium alone
2. Basic medium plus 1% glucose
3. Basic medium plus 1% (0.5% for tryptophane and arginine) concentrations
of the various nitrogen compounds
4. Basic medium plus nitrogen sources pIus 1% glucose
Contrary to the statement of Tate (5, 6), no member of this genus appeared
capable of utilizing nitrates. A further check on this result was made by inoculat.
ing the organisms into Conn's synthetic medium which contains the following
materials:
KNO, 1 gram
K,HPO4 0.5 gram
CaCl2 0.5 gram
Glucose 10.0 grams
Distilled 1120 1 liter
pH 7.0
No growth was observed in any tube after 6 weeks of incubation.
The aminonium ion in the presence of a suitable carbon source (in this case,
glucose) was utilized to a variable degree by all species. No growth occurred in
ammonium formate, presumably because of a toxic effect of the formate ion.
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Since ammonium carbonate itself was not an adequate substratum but could
support growth in the presence of glucose, one may conclude that the carbonate
ion is not a suitable carbon donor. The same may be said of the oxalate ion.
All amino acids tested, with the possible exception of tryptophane, were cap-
able of providing both carbon and nitrogen in the majority of instances. The
degree of utilization varied considerably with the organism.
Pyridine and aniline were unable to support growth. Aniline is a well known
bactericidal agent, and the lack of growth in that medium as well as in pyridine
may well be due to toxicity. Acetamide was utilized feebly. Urea provided a.
ready source of nitrogen to M. canis and M. gypseum, but was utilized only very
slightly by M. andouini. Since carbonates are not suitable carbon sources for'
these organisms, and since urea is the diamide of carbonic acid, it is not surprising.
that urea is equally unsuitable as a source of carbon.
In general, M. audouini was more selective in its nutritional demands than
M. canis or M. gypseum.
Effects of various oxygen tensions
Kadisch and Loewy, in Dodge (4), reported that with increasing altitude, the
period of incubation of T. gypseum (mentagrophytes) lengthened and that lesions
produced were smaller, with less infiltration and scaling, suggesting an inhibitory
effect caused by lowered oxygen tension. No other data were encountered in the
literature regarding the effects of varying oxygen tensions. Accordingly, the fol-
lowing work was done.
The medium used contained 1% glucose, 1% peptone, and 1.5% agar, with a
final pH of 7.1. Plates were inoculated and placed in jars which had provision
for the introduction of various concentrations of gas.
For the higher concentrations of oxygen, a manometer was used to determine
partial pressures, whereas percentages below 5% were measured to within 0.5%
with a gas analyzing apparatus similar to that described by Treadwell and
Hall (20).
The strains used were:
M. canis: C-i M. audouini: A-i M. gypseum: G-i
C-2 A-2 G-2
C-6
In this series, 1% carbon dioxide was added and the percentage of nitrogen to
maintain atmospheric pressure varied according to the amount of oxygen em-
ployed.
Two controls were used, one of plates in sealed jars with no gases removed or
added and the other of plates not enclosed in jars.
In addition to colony size, pigment production and macroconidia formation
were observed. It was not possible to single out a differentiating characteristic
for any of the 3 species. They all responded in like manner to the variable con-
centrations of oxygen. At the extreme ends of the range (i.e., 1% and 98%),
there was a tendency on the part of all species tested to be inhibited both in
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colony size and in the production of macroconidia. The low concentrations also
appeared to inhibit pigment production. Decreasing the oxygen tension below
about 0.5% inhibited the growth of all strains completely. There was, however, a
wide range in which the varied amounts of oxygen had little effect. This fact is
consistent with the work of Brown (21), who pointed out that certain fungi
producing fruit rot exhibited the same behavior.
One interesting result of these tests was the ability shown by strain 0-6 to
change color from yellow to a deep red-brown when subjected to the higher
oxygen tensions. Associated with the pigment change was a coincident loss of
macroconidia. In some colonies where there occurred a sectoring of red and yellow
pigment, macroconidia were observed only in the area of yellow pigmentation.
This pigment change was reversible, and thus not the result of mutation. The
mechanism of this color change was not investigated due to the loss of the culture.
Effects of various carbon dioxide tensions
In this experiment the amount of oxygen in the jars was kept constant at 20%,
while the carbon dioxide varied from 1 to 60%. Nitrogen, as before, was used
to make up the remaining percentage necessary to total 100%.
The strains used were as follows:
M. canis: C-i M. audouini: A-i M. gypseurn: G-i
0-2 A-2 G-2
0-4 A-3 G-3
0-6 A-4 G-4
A-5 G-5
As carbon dioxide tension increased, colony size decreased, and as the concen-
tration approached 20%, the inhibition became more marked. Forty per cent
carbon dioxide inhibited the growth of M. audouini, whereas 60% was required
to prevent the growth of M. canis. M. gypseum, on the other hand, was able to
grow to a readily demonstrable size at the highest percentage of carbon dioxide
used (60%). Pigment loss occurred at 30% for M. canis, whereas macroconidia
formation was prevented at the lower tension of 20%.
Protein hydrolysis
Greenbaum (12) pointed out that whereas M. audouini and M. gypseum were
slow in liquifying gelatin, M. canis acted more rapidly. In order to determine the
activity of our strains, small quantities of mycelium from all strains of the 3
species were stabbed into tubes containing gelatin medium of the following
composition:
Beef extract 3 grams
Peptone 5 grams
Gelatin 140 grams
Distilled 1120 i liter
pH 7.0
These tubes were observed daily for growth and degree of liquifaction. The
observations made are included in Table 3.
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The results indicate that M. gypseum, rather than being slow to liquify gelatin,
is in general at least as rapid as the other 2 species. M. canis produces changes
less readily, and M. audouini appears to be the slowest. However, there was
some overlapping in reaction time, so that the gelatin liquifaction time may not
be used as a single means of identification.
Tate (5, 6), working with acetone extracts of dermatophytes, demonstrated
casein hydrolysis, but no recent workers have published information regarding
TABLE 3
Amount of protein hydrolysis shown by members of the genus Micros porum
* — indicates no reaction.
the activity of the living organism with milk as a substrate. Accordingly, tubes
of litmus milk were prepared as follows:
The tubes were inoculated and observed daily for changes which are recorded
in Table 3.
M. gypseum produced the most rapid hydrolysis of casein and showed alkaline
reactions more rapidly than did M. canis or M. audouini. These results were
checked by growing all strains on milk agar. On this medium, the area of clearing
ORGANISM
GELATIS1 LITMUS MILE LORFFLER'S MEDIUM
First
growth
Beginning
liguifac.
Completeliquifac.
First
growth
Beginning
proteolysis
Complete
proteolysis
First
growth
Beginning
digestion
Complete
digestion
c-i
0-2
0-3
0-4
0-5
0-6
A-i
A-2
A-3
A-4
A-5
A-6
A-7
G-1
G-2
G-3
G-4
G-5
G-6
days
3
3
3
3
4
3
5
6
7
7
6
5
5
3
3
2
3
3
3
days
10
10
4
6
6
6
6
13
18
16
9
7
9
4
5
4
5
6
6
days
18
19
16
17
15
16
17
20
26
20
18
28
22
12
15
14
17
16
19
days
4
7
4
6
4
4
7
13
16
15
9
10
10
3
3
3
3
3
3
days
8
8
6
10
7
8
9
14
18
16
14
15
12
4
4
4
4
4
4
days
17
18
17
19
18
18
17
23
30
28
27
26
21
6
8
8
6
9
9
days
4
6
6
5
6
6
12
13
12
14
10
13
10
3
3
3
3
3
3
days
*
6
7
6
6
6
6
days
21
17
20
16
22
26
Skimmed milk, fresh
10% litmus solution
1 liter
25 ml.
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around the colonies was usually more extensive in the case of M. gypseum than
for M. canis or M. audouini.
There being no previous data concerning the matter of hydrolysis of coagulated
serum, it was considered worthwhile to determine the action of the group on this
substratum. Slants of Difco Loeffler's medium, composed of beef serum and
dextrose broth, were used. The tubes were inoculated and observed daily (see
Table 3).
Unlike the preceding 2 proteolytic tests, this reaction appeared to be of value
for differentiation, since Loeffier's medium was rapidly and completely hydro-
lysed by M. gypseum. On the other hand, M. audouini and M. canis were incap-
able of reducing the coagulated serum to a liquid state, but caused a darkening
and shrinking of the medium in the area of growth.
SUMMARY AND CONCLUSIONS
Insofar as the results of the experiments performed in this work are concerned,
the following statements can be made about the species of the genus Micros porum.
1. The members of the genus Microsporum are completely inhibited at a pH
of 3.0.
2. A pH of 4 to 10 is compatible with the growth of all species of the genus.
3. The optimum pH for all species is 7, plus or minus 1.
4. All 3 species grow best at a temperature of 25 to 30°C.
5. A temperature of 38°C. definitely retards the growth of M. canis, but com-
pletely, or nearly completely, inhibits M. audouini and M. gypseum. None of the
species can grow at 40°C.
6. Glucose, levulose, mannose, galactose, maltose, melibiose, cellobiose, dex-
trin, sorbitol, mannitol, glycerol, salicin, and sodium pyruvate are adequate as
sole sources of carbon to cell metabolism of all species. M. canis can utilize, in
addition, xylose, arabinose, and sucrose.
7. Carbonate and formate, lactose, raffinose, inulin, as well as the sodium salts
of citric acid, oxalic acid, succinic acid, lactic acid, tartaric acid, and malic acid
are not suitable carbon sources for the organisms.
8. Nitrogen in the form of nitrates is unavailable to the members of the genus,
all of which require ammonium or organic nitrogen.
9. The amino acids: alanine, glutamic acid, arginine, cystine, tyrosine, and
possibly tryptophane can serve as sole sources of both carbon and nitrogen for
all strains.
10. Pyridine and aniline, both cyclic compounds without side chains, do not
act as carbon or nitrogen donors. Acetamide is a poor carbon and nitrogen source;
whereas urea can be utilized as a source of nitrogen, but not for carbon.
11. Very low and very high concentrations of oxygen are retarding to growth
in every instance. An oxygen tension of approximately 0.5% fails to permit
growth of the organisms.
12. As carbon dioxide tension is increased, colonial size tends to decrease to a
point where no growth occurs. This point of inhibition varies with the species,
M. gypseum being most resistant to high concentrations of carbon dioxide.
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13. All members of the genus produce enzymes which liquify gelatin and
peptonize litmus milk. In general, M. gypseum is more rapidly proteolytic,
whereas M. canis and M. audouini in that order require more time. M. gypseum
produces rapid and complete hydrolysis of coagulated serum, while the other
two species do not cause this change.
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